Background and Purpose-Recent evidence suggests the Cincinnati Prehospital Stroke Scale is ineffectively used and lacks sensitivity and specificity. Melbourne (Australia) paramedics have been using the Melbourne Ambulance Stroke Screen (MASS) since 2005. The aim of this study was to review the real-world use of MASS 3 years after citywide implementation. Methods-Two groups of consecutively admitted patients to an Australian hospital between January and May 2008 were used: (1) patients for whom paramedics performed MASS; and (2) patients with a discharge diagnosis of stroke or transient ischemic attack. Use of MASS was examined for all transports and for patients diagnosed with stroke or transient ischemic attack. The sensitivity and specificity of paramedic diagnosis, MASS, and Cincinnati Prehospital Stroke Scale were calculated. Paramedic diagnosis of stroke among patients with stroke was statistically compared with those obtained immediately post-MASS implementation in 2002. Results-For the study period, MASS was performed for 850 (16%) of 5286 emergency transports, including 199 of 207 (96%) patients with confirmed stroke and transient ischemic attack. In patients in whom MASS was performed (nϭ850), the sensitivity of paramedic diagnosis of stroke (93%, 95% CI: 88% to 96%) was higher than the MASS (83%, 95% CI: 77% to 88%, Pϭ0.003) and equivalent to Cincinnati Prehospital Stroke Scale (88%, 95% CI: 83% to 92%, Pϭ0.120), whereas the specificity of the paramedic diagnosis of stroke (87%, 95% CI: 84% to 89%) was equivalent to MASS (86%, 95% CI: 83% to 88%, Pϭ0.687) and higher than Cincinnati Prehospital Stroke Scale (79%, 95% CI: 75% to 82%, PϽ0.001). Key Words: ambulance Ⅲ diagnosis Ⅲ emergency services Ⅲ stroke E mergency medical services (EMS) are an integral part of the acute stroke team. 1 They are fundamental in maximizing the delivery of thrombolytic therapy to patients with stroke by correctly identifying stroke in the field, transporting patients with suspected stroke to acute stroke centers, and activation of Code Stroke Teams through prehospital notification. 2,3 A variety of prehospital stroke screens have been developed to assist EMS to identify patients with stroke in the field (Table 1) . 4 -7 Our previous work confirmed the value in using these screens, showing an immediate improvement in EMS diagnosis of stroke from a baseline of 78% to 94% after education and with use of the Melbourne Ambulance Stroke Screen (MASS). 8 However, recent investigations of a similar screen, the Cincinnati Prehospital Stroke Scale (CPSS), suggest poor use by paramedics and low sensitivity and specificity. 9,10 Additionally, no long-term evaluations of the use of prehospital screens have been conducted.
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The aim of this study was to examine the use of MASS in the field 3 years after citywide education and implementation, specifically determining the use of MASS by paramedics and to calculate and compare the sensitivity and specificity of MASS, CPSS, and paramedic diagnosis of stroke to our previous findings.
Subjects and Methods
This study was a cross-sectional design of consecutive patients transported by EMS to an Australian hospital between January and May 2008. Methods are summarized in the Figure. Institutional ethical approval was received before the start of data collection.
Emergency Medical System
The Victorian EMS is described in detail elsewhere. 8 In brief, Ambulance Victoria services 5 million people in the state of Victoria, Australia. Ambulance Victoria uses the Advanced Medical Priority Dispatch System with a 2-tiered response: Advanced Life Support paramedics and Mobile Intensive Care paramedics and takes approximately 387 000 emergency calls per year. The training of Advanced Life Support paramedics required 3 years of university study and a 1-year graduate program. Mobile Intensive Care paramedics have additional education and operate at an independent practitioner level.
All paramedics received a 1-hour stroke education program and instruction on the use of MASS in 2004 to 2005. Paramedics perform the 3 MASS physical assessments (facial droop, hand grip, and speech) in conscious but neurologically compromised patients of no obvious cause such as drug overdose or trauma. If these assessments are positive for stroke, they obtain the remaining MASS history items and perform a blood sugar level to rule out stroke mimics and suitability for thrombolysis. If the MASS is still positive and the stroke is acute, paramedics transport the patient with suspected stroke to the nearest acute stroke center and activate the hospitals "Code Stroke Team" by calling the emergency department en route.
Hospital Setting
Box Hill Hospital (BHH), located in the eastern suburbs of Melbourne, admits approximately 500 patients with stroke per year. All patients with a confirmed diagnosis of stroke by neuroimaging or with a discharge diagnosis of transient ischemic attack (TIA) admitted to the hospital are entered into the Stroke/TIA registry.
Subjects
Two groups of patients admitted to BHH were used in this study: (1) patients transported by EMS with documented MASS assessments of hand grip, speech, and facial weakness; and (2) patients with a discharge diagnosis of stroke or TIA included in the Stroke/TIA registry. Patients who were unconscious or asymptomatic at the time of paramedic assessment were excluded (nϭ49).
Data Collected
Data were accessed through the Victorian Ambulance Clinical Information System and BHH Stroke/TIA registry. The Victorian Ambulance Clinical Information System allows paramedics to electronically record patient information and to access protocols and prompts for additional assessments that may be completed at the scene. The patient's name, MASS assessments, and paramedic diagnosis were retrieved. This data were crossreferenced against the BHH Stroke/TIA registry (name, date, gender, and age) to determine if the discharge diagnosis was stroke or TIA. For patients with stroke and TIA with no MASS documentation (nϭ8), MASS and CPSS were retrospectively applied based on the paramedic assessment.
Statistical Analysis
The sensitivity, specificity, positive and negative predictive values, and 95% CIs were calculated for MASS (positive or negative), CPSS (positive or negative), and paramedic diagnosis of stroke/TIA (yes or no) using the discharge diagnosis of stroke/TIA (yes or no). These were statistically compared in SPSS (Version 17.0) using the 2 test. A probability value Ͻ0.05 was considered statistically significant.
Results

Use of MASS
Of the 5286 emergency transports to BHH, 1004 (18%) were conscious but neurologically compromised with no immedi- ately obvious cause. MASS was documented for 850: 16% of all transports and 85% of conscious neurologically compromised patients.
For the same period, 199 (96%) of 207 confirmed stroke or TIA admissions transported by EMS had MASS documentation. Patients with no MASS documentation (nϭ8) were posterior ischemic strokes (nϭ4), parietal intracerebral hemorrhages (nϭ3), and a TIA (nϭ1; Table 2 ); 4 of these patients had documentation of confusion and 2 were non-English-speaking.
Sensitivity and Specificity Analysis for Patients With Documented MASS
For patients with documented MASS, the sensitivity of the paramedic diagnosis of stroke was higher than MASS (93% versus 83%, Pϭ0.003) and equivalent to CPSS (93% versus 88%, Pϭ0.120; Table 3 ). In contrast, the specificity of the paramedic diagnosis of stroke was equivalent to MASS (87% versus 85%, Pϭ0.687) and higher than CPSS (87% versus 79%, PϽ0.001). The MASS demonstrated equivalent sensitivity to the CPSS (Pϭ0.149) and higher specificity (Pϭ0.001). 
Paramedic Diagnosis in Patients With
Discussion
Our large study demonstrated high use of MASS in the field by paramedics and confirms the value of such screens in the identification of stroke. The excellent initial improvement in the diagnosis of stroke by paramedics after the pilot study of MASS 8 was sustained 3 years after citywide education and MASS implementation.
The strengths of this study are that it examined the "real-world" use of prehospital stroke screens as used by paramedics and is 1 of a few studies to examine these screening tools outside of screening tool validation studies. 
Bray et al Examining Long-Term Use of the MASS in the Field
However, the findings of this study must be considered in light of its weaknesses. First, the final diagnosis of TIA relied on a discharge diagnosis of TIA, and not all patients with true TIA may have been correctly diagnosed at discharge. Second, positive and negative predictive values are influenced by the prevalence of disease. Because only 23% of all patients with documented MASS were diagnosed as having stroke or TIA, these figures may not reflect true values. Lastly, it is possible that MASS was only performed in patients paramedics strongly suspected had experienced a stroke. This may have artificially inflated the specificity of the screen tools by excluding false-positives and explain the better performance of CPSS compared with previous reports. 9, 10 Another finding that conflicts with recently published studies in this area 9,10 is the improvement in paramedics' diagnosis of stroke. This disparity may be explained by differences in the samples studied. The previous studies reporting lower paramedic identification of stroke only examined patients with a paramedic diagnosis of stroke or a positive stroke screen, whereas we extended this to include all patients with documented MASS (positive and negative stroke screen). An additional explanation could be differences in paramedic training between Australia and the United States, which may also explain differences found in the use of stroke screens.
Recent work by Frendl et al reported poor use (37.5%) of the CPSS by paramedics in patients with stroke with no improvement after paramedic education. 10 However, use of the MASS in our study was high (85% of conscious neurologically impaired patients transported and 96% of patients with stroke). A review of the patients with MASS showed the majority presented with neurological problems and unexplained falls. As discussed in a previous report, 11 we attribute some of our success to our feedback system. For the first 18 months after education, we provided the transporting paramedics with the outcome of patients receiving thrombolytic therapy. This allowed us the opportunity to provide a reminder about MASS and to give feedback to paramedics about their contribution to successful patient outcomes.
Previous work has demonstrated that paramedic diagnosis of stroke results in faster in-hospital times 12 and improving paramedic diagnosis of stroke with the use of paramedic stroke screening tools has been linked to increasing thrombolytic therapy rates to as high as 21%. 13 In our hospital, thrombolytic therapy rates improved from 5% 8 to 11% 14 after the combined implementation of MASS and an in-hospital code stroke system. In summary, our large study indicates that paramedics have successfully incorporated MASS into their assessment of neurologically compromised patients and that correct paramedic diagnosis of stroke remained consistently high 3 years after citywide implementation of MASS. Paramedic diagnosis of stroke was higher than the MASS, indicative of a successful stroke education program. 
Original Contributions
84%-94%)， 与 之 前 MASS 对 院 前 诊 断 水 平 相 当 (P=0.19)。 在 22 例 EMS 未 诊 断 出 卒 中 的 患 者 中， 63% (n=14) 未达到 MASS 的卒中诊断标准， 14% (n=3) 为 MASS 阳性，23%(n=5) 无 MASS 评估记录。 讨论 本项大样本研究提示了 MASS 在院前急救中的 高利用率，并明确了其对卒中识别的价值。MASS 于全市推行应用三年之后，其在前期研究中对院前 表 2 无 MASS 记录的卒中 /TIA 患者 (n=8)
